Therefore, in the next two sections we will compare the Coulomb and Compton scattering of S = 1 particles with that Of S= 0, 1/2 particles. We will find that the increasing cross section is associated with the longitudinal polarization state that does not exist for S= 0, 1/2. Application of the unitarity limit to the -Compton cross section will enable us to obtain a theoretical limit for the ap plicability of our formulae. In Section IV we will then use the Compton cross sections obtained, in order to calculate by the Weizs`a'cker_ -Williams method 2 the oss sections for bremsstrahlung and pair production in the low-momentum -trnsfer limit.
In the concluding section, we will discus qualitatively some, of the xperirriental difficulties associated, with' electromagnetic--as compared with, nutrino--ro- In the plane-wave expansion (2.1), the amplitude of the longitudinally polarized tate therefore exceeds that of the transverse polarized states by the factor E/M, which can be large for a fast-moving vector meson.
• In the rest frame there is, of course, no distinction among the three possible polarization states.
Because E 1 , 2, and p/p I are orthogonal Unit vectors, we have 2.
E.
for i,j = 1,2,3.
The covariant polarization sum is given by 4 UCRL-9837
For the interacting Lagrangian we have
where TT = 3 -i e A, and ' and q are specific magnetic-moment and VL electric-quadrupole moment factors.. In this.paper we will assume q =.O and consider only '= 0 (or, in Sections III and. IV, y-1), i.e. vector mesons of unit magnetic moment (or zero magnetic moment). The matrix element of the vector-meson current operator between free-particle states of momentum p and p' is then
For the differential cross section for Coulomb scattering we find
where n is the polarization of the virtual photon and
is the relativistic Rutherford oss section for scattering through the angle 0 ( = E/Mc2 cr , p = p/E, r 0 = e 2 /Mc 2 ). particles, on the other hand, Am = 2 is impossible.
The Compton cross sections (3.1) and (3.4) can not increase indefinitely with energy. It is interesting to impose unitarity as a limit on the validity of these formulae. For this purpose, one must express the Cornpton cross section in the photon-particle center-of-mass (c. m. ) system (designated with subscript c). 8 Now doW, is invariant.. Introducing the invariants
UCRL-9 837 so that we obtain
where
is the velocity of the center of rnass relative to the meson rest frame. Equation (3.9) is the relativistic angular-abberation formula.
The right-hand side of Eq. (3.8) contains no dependence on the c.m, scattering angle ec. The angular dependence of (do/dc2) c is therefore contained in the square brackets of Eqs. (3J), (34), (35), and (3.6). In terms of the invariants (37), we have: 
Since, in the laboratory frame, we have /M 2 = Zk/M, the vector-meson
Compton-scattering formulae (3.1) and (3,4) will not violate unitarity for photon energies k < 500M. (3.14)
This result allows us to confidently apply, in the next section, these .Compton scattering formula to the calculation of pair production.
IV. BREMSSTRAHLUNG AND PAIR PRODUCTION A. Coherent and Incoherent Pair Production
Our principal purpose is to arrive at a cross section for the electro- is the minimum possible momentum transfer to the nucleus. For
the pair production will be off individual nucleons rather than the nucleus as a whole. The cross section for the pair production coherently off the nucleus as a whole is proportional to Z F 2 (q), where F(q) is the nuclear form factor. In the high-momentum-transfer limit, this factor is replaced by ZF 0 2 (q), where F 0 (q) is the nucleon form factor. According to Eq. (4.6),
for B niesons with the mass of the K meson produced off lead, coherent production is to be expected for photon energies k > 16 Bev, It thus appears that for existing or presently envisaged electron synchrotrons or linear accelerators, any B mesons produced will be produced incoherently off individual -12-UCRL-9 837 nucleons, and that for B mesons produced in really high-energy accelerators, the coherent production off heavy nuclei will be more important.
For low photon energies (high momentum transfer), the meson-spin degrees of freedom cannot be excited, and the cross section for the production of pairs of S = 1 mesons will be similar to that of S = 0, 1/2 particles.
(This is clear for bremsstrahlung, where a threshold theorem applies; pair production and bremsstrahlung are, of course, related by the substitution rule.
We will therefore devote ourselves to the calculation of vector-meson pair production in the opposite limit of high energies or low momentum transfer.
In this limit, features specifically characteristic of vector mesons do appear.
The most interesting of these features is that the cross section (4.38) or (4.39)
is expected to increase with increasing photon energy. This meansthat the coherent pair production by photons of energy k is ultimately expected to exceed the incoherent production by the factor z 2 / Z F 2 (q) z" (-) .
( 4.7) (q)
B. Weizsácker-Williams Approximation
In the low -momentum -transfer limit we can calculate pair production from the Compton cross-section formulae in Sec. III using the method of Weizs'cker and Williams.
2 We first calculate bremsstrahlung in the lowmomentum-transfer limit and obtain the pair-production formulae by the usual substitution rule. The bremsstrahlung from vector mesons of unit magnetic moment was calculated by Christy and Kresaka in this way.
In the Weizscker-Williams method, the bremsstrahlung from a meson having rapidly past a nucleus at rest is calculated by going to the opposite Lorentz frame in which the meson is at rest and the heavy nucleus is frame. We recall that the Compton cross sections (3.1) (3.4)(3.5), and (3.6),
du Com =d2u C [ (4.8) were all calculated in the particle rest frame. Therefore the Q, 6, k, and k appea.ring in these formulae will,, in this section, all carry stars.
If, by using Eq. 
so that in terms of the bremsstrahlung quantum energy k in the laboratory frame, we can write -14-
In the bracket, cos 6 is also to be expressed in terms of k and k; we have wh e r e -cos 6.) = k . /k, 2 mm (4.13) 
In obtaining Eqs. (428) On the right side, p and p refer to the momenta of the two charged particles produced and k = E + E. The spin phase-space factors (2S + 1) and 1/2 are present because, while in bremsstrahlung we average over spins of the incident particle and sum over -the two photon -polarization states, in pair production we sum over spins of the emergent antiparticle and average over the photon polarization states.
The cross sections for the production of charged particles of energy E and V. = k -E that are obtained in this way are da nB 8EE1 , (S0) To-
UCRL-9 837 The probability of producing a pair of spinless mesons is thus a maximum for E E' k/2 and falls to zero for E or E = 0. On,the other hand, for a Dirac particle and for the two vector-meson cases considered, the probability that one member of the pair will take all of the photon energy is respectively 3/2, 21/20, and 2 times the probability that the photon energy will be divided The cross section for the electromagnetic production of vector mesons is thus large compared with that for the neutrino production. The probability of competing electromagnetic processes is also extremely large. This "background" will consist principally of photoproduced pions which decay into muons and electrons, and of pairs of electron and of muons (for which isat least 10: or 25 tins larger, repectively, than for B mesons).
• The B meson is to be distinguished from this large background by its large mass and prompt decay. On both these, accounts,, the B-meson decay products will tend to appear at relatively large angles compared. with directly produced particles. Two interesting B-meson signatures would seem + -to be wide-angle p. , p. , or p. e, • coincidences. Each of these leptons will typically have one-quarter the original photon energy, while with directly produced pairs each of the particles obtains on the average one half the photon energy. The lepton products of the semi-weak B-meson decay will also be partially polarized.
• It would seem that the neutrino and electromagnetic production of B mesons may constitute parts of two different, programs: one a study of weak neutrino interactions, the other a study of the electromagnetic creation of new charged particles.
• •
